change versus activity associated with spatial shifts of The dual nature of perception is clearly illustrated attention toward the change since the objects were not by the attentional blink (AB) paradigm: when subjects presented at the focus of attention. search for two targets presented in a rapid serial visual Thus, the goal of the present study is to determine display of distractor items, they are severely impaired whether the two stages of visual information processing predicted by cognitive models of attention are impleat detecting the second of the two targets when it is mented by different neural substrates under experimenpresented within 500 ms of the first target (Chun and tal conditions that eliminate contributions of spatial Potter, 1995; Raymond et al., 1992). The deficit with the shifts of attention. Specifically, we used an AB paradigm to test whether the neural activation associated with
Results

Behavioral Experiment
A behavioral experiment performed outside the scanner room established that an attentional blink can be obThe task consisted of searching for two targets presented among a 1 s long rapid serial display of scramtained with this experimental paradigm (Figure 2 ). Scene detection performance was substantially lower when bled scenes (Figure 1 ). The first target (T1) was a face, the second (T2) a scene, and distractors consisted of subjects were required to detect both T1 and T2 than scrambled versions of scenes. This design bestowed several crucial experimental advantages for this study. First, since the scenes activate a canonical region of the visual cortex, namely the parahippocampal place area (PPA) (Epstein and Kanwisher, 1998), the brain response to T2 stimulus presentations can be easily localized. Second, the use of scenes as T2 and faces as T1 permits the assessment of the brain response to scenes uncontaminated by the processing of T1, since faces produce negligible activation of the PPA (Epstein et The isolated PPAs from both left and right hemiSpecifically, activity in this network should be the comparable in Miss and CR trials, whereas conscious scene spheres were collapsed and probed in the dual-task experiment for scene-related activity under three differdetection (Hit) should recruit these brain regions more than either of the two other conditions. A voxel-based ent T2 performance conditions: (1) subjects successfully detected the presentation of a scene (Hit), regardless approach did not reveal any parietofrontal regions that were significantly more activated in the Hit than in the of whether the scene was correctly identified as indoor or outdoor (see Experimental Procedures); (2) subjects Miss and CR conditions (p Ͻ 0.05, corrected). However, a more sensitive ROI approach, using regions of interest failed to detect the scene (Miss), and (3) trials suggests that the visual cortex can categorize visual input under conditions of high attentional load that Overall, these results indicate that, unlike the medial temporal cortex, the frontal cortex activation is mainly prevents awareness and report. These results are consistent with behavioral and electrophysiological work dictated by the subjects' explicit perception of the stimulus rather than by its physical presentation. Imporsuggesting that stimuli that fail to be explicitly reported during the AB are nevertheless registered by the brain tantly, the distinct activation pattern in the frontal and medial temporal cortex argues against a simple account (Luck et al., 1996; Shapiro et al., 1997a) but inconsistent with the idea that the brain is unresponsive to stimuli of detection bias for the results in the PPA, i.e., that activation in Miss trials might not be due to processing that the mind is inattentive to Figure 3 ), is strongly moduacross all T2 conditions in the current experiment, this hypothesis would predict little activation difference lated by attention and imagery. Correspondingly, PPA activity was enhanced above and beyond the activation among these conditions. The attentional demand hypothesis is also consistent with the observation of IPS levels of the Miss condition when subjects consciously perceived the scenes (Figure 3 lag between the T1 face target and the T2 scene target was adjusted by the experimenter in order to yield a scene detection performance Experimental Procedures around 50%, and the hit and false alarm rates for the face task were given to subjects as feedback. Unlike for the behavioral experiment, Behavioral Experiments "no_face" and "unknown_scene" response options were added for Nine paid subjects from the Vanderbilt University community volunthe T1 and the T2 task, respectively. The "unknown_scene" reteered for each of the single-and dual-task experiments. In the sponse was included in case subjects perceived the layout of a dual-task experiment, subjects searched for two targets presented scene but were not certain whether it was indoor or outdoor. For among an RSVP of eight distractor items at fixation for 100 ms each data analysis, selection of this response option was classified as with no interstimulus interval. The first target (T1) was a face, the an incorrect scene identification, where it accounted for 64% of this second (T2) a scene, and the distractors were scrambled versions category's trials. However, since all ROIs showed indistinguishable of scenes, with each grayscale stimulus subtending 12.8Њ ϫ 12.8Њ.
responses to correctly identified and incorrectly identified scenes The scrambled scenes originated from a pool of 120 scenes and (data not shown), these two responses were combined into the were created by dividing each quadrant of the image into 25 squares, category of correct scene detection. inverting these squares, and randomly scrambling their positions.
Data Analysis Thin black grids were drawn over the scrambled (and intact) images
One predictable consequence of the lag manipulation for keeping to occlude the boundaries of blocks. When present, the scene target subjects' T2 performance around 50% is that it led to a difference was shown at the second-to-last position in the RSVP, while the (t test, p Ͻ 0.05) in T1-T2 SOA between the Hit (mean SOA: 452 ms) face target was presented 200, 400, or 800 ms before the scene and Miss (mean SOA: 435 ms) conditions. Even though this differtarget. A trial began with presentation of a fixation point for 1200 ence in mean stimulus onset asynchronies is small, to prevent such ms before the onset of the RSVP and ended with the presentation differences in stimulus presentations from influencing the activation of both T1 response and T2 response displays, each for 1800 ms. differences between Hits and Misses, we equated the Hits and During the T1 displays (labeled "Face1_Face2_Face3"), subjects Misses SOAs by extracting fMRI runs which showed the longest lag decided by keypress which of the three faces was presented, while as well as the greatest hit rate, or the shortest lag as well as the during the T2 response displays ("NoScene_Indoor_Outdoor") they greatest miss rate. Nine runs from eight subjects were thereby elimiselected whether no scene, an outdoor scene, or an indoor scene nated from further analysis. One subject was removed from further analysis, as the resulting number of CR trials was excessively low (a was presented. A face target was present on every trial and a scene priori criterion that subjects with fewer than eight trials per condition target on 67% of the trials, with equal probability of indoor and would be discarded). The group average SOA for Hits and Misses outdoor scene presentation. When absent, T2 targets were replaced were no longer significantly different from each other (SOA differby a scrambled scene. Subjects were instructed to emphasize task ence: 9 ms, p ϭ 0.155). The SOA difference between Correct Rejec-1 over task 2. For T2 performance, only T1-correct trials were anation and Miss trials was also not significant (SOA difference: 4 ms, lyzed. The single-task experiment was identical to the dual-task p ϭ 0.220). experiment except that subjects were instructed to search for the For each ROI of each subject, the BOLD percent change was scene target only. A total of 180 trials were presented in each expercalculated by averaging the time courses of each T2 condition (Hit, iment.
Miss, CR) and normalizing them to the averaged value of the first two TRs after trial onset (Figure 3 ). ROI time courses were then fMRI Experiment averaged across all subjects. Statistical analysis (paired t tests and Twenty paid subjects (9 females) from the Vanderbilt University contrast analysis) between conditions was performed on the peak community performed a similar dual-task in an fMRI experiment. amplitude response (Epstein et al., 2003) , the time point of which The 12.8Њ ϫ 12.8Њ stimuli were viewed by the subjects on a projection was first determined by collapsing all T2 conditions together. An screen through a mirror mounted on top of the RF coil above their area under the curve (AUC) analysis yielded qualitatively similar head. Stimuli were projected onto the screen by means of an LCD results to the peak analysis. Only T1-correct trials were examined projector located outside the scanner room.
for T2-related brain activity. fMRI Parameters Subjects were scanned on a 3T whole-body GE/Magnex (MilwauAcknowledgments kee, WI). Anatomical images were acquired using conventional parameters. T2* scan parameters: TR 2 s, TE 25 ms, FA 70Њ, 197
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